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^ (54) Title: USE OF DRUG-LOADED NANOPARTICLES FOR THE TREATMENT OF CANCERS 

5 (57) Abstract: The present invention relates to the use of drug-loaded nanoparticles for preparing a medicament for the treatment 
of cancer, particularly for the treatment of cancer in the brain, even more particularly for the treatment of brain cancer in humans. 

Q The invention also relates to a process for the treatment of brain cancer, particularly for the treatment of brain cancer in humans by 
administering an effective amount of nanoparticles containing a substance which has effect in the cancer treatment or has immuno- 

^ suppressive effects. 
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Use of Drug-Loaded Nanoparticles for the Treatment of Cancers 

The present invention relates to the use of drug-loaded nanoparticles for preparing a 
medicament for the treatment of cancer, particularly for the treatment of cancer in the brain, 
5 even more particularly for the treatment of brain cancer in humans. The invention also 
relates to a process for the treatment of brain cancer, particularly for the treatment of brain 
cancer in humans, by administering an effective amount of nanoparticles containing a 
substance which has effect in the cancer treatment or has immunosuppressive effects. 

10 It was reported in the U. S. Patent Application S. N. 08/203,326 and the parallel 
International Patent Application No. PCT/EP 95/00724 (corresponding to WO 95/22963) 
that drugs may be delivered to the body of mammals, particularly to the body of humans, 
and may be transported across the blood brain barrier (furtheron referred to as "bbb") by 
means of nanoparticles to which drugs are complexed (incorporated, adsorbed or absorbed) 

15 and which are surrounded by a coating made of an appropriate surfactant. A similar 
teaching can be found in the pending International Patent Application No. PCT/EP 
97/03099. It was taught in both of said applications that the drug may be an 
immunosuppressive or anticancer agent. As the appropriate surfactant, there were taught a 
number of generally and commercially available surfactants as, for example, Polysorbate R 

20 80 or Tween R 80. 

It is general knowledge that the non-invasive treatment of cancers in the brain of mammals , 
particularly in the brain of humans has to rely on very small amounts of immunosuppressive 
or anticancer medicaments or drugs which are transported to the desired target, i. e. the 
25 tumor in the brain. In particular, anticancer agents known to have a high effect in the 
anticancer treatment do not at all or do not in a sufficiently effective amount pass the blood 
brain barrier (bbb) and are effective only when delivered directly into the brain. Such a 
delivery step, however, means a delivery into the skull at a suitable point which is a very 
complicated and sometimes risky surgery step. 
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The term "blood brain barrier " (bbb) as used herein refers to the bbb in the narrower 
sense, i. e. in the sense this term is used usually by a person skilled in the medical field, as 
well as to the blood spinal barrier and blood retina barrier. 

5 It was now surprisingly found that nanoparticles prepared in accordance with teachings of 
the prior art, particularly of the above two Patent Applications, may be loaded with a 
substance having effect in the treatment of cancers, particularly having effect in the 
treatment of cancers in the brain, for example in humans, in an effective amount and may 
then be coated with a suitable surfactant so as to allow that drug-loaded nanoparticles to 
10 pass across the bbb and to deliver the effective drug to the site where it may exhibit its 
anticancer and/or immunosuppressive activity. It was particularly found that, by a suitable 
selection of the combination drug/surfactant, an effective use of such nanoparticles loaded 
with the drug and coated with a surfactant in the treatment of cancers, particularly of 
cancers in the brain, may be proviced. 

15 

Hence, the invention relates to the use of nanoparticles made of a polymeric material, said 
nanoparticles comprising said polymeric material, one or more substance(s) physiologically 
effective in the treatment of cancer upon delivery to a mammal, one or more stabilizer(s) for 
said nanoparticles allowing targeting of said physiologically effective substance(s) to a 
20 specific site within or on said mammalian body and/or a surfactant coating on said 
nanoparticles, said nanoparticles optionally being provided within a physiologically 
acceptable carrier and/or diluent allowing the delivery of said nanoparticles to the target 
within said mammal after administration, for the manufacture of a medicament for the 
treatment of cancer in said mammal. 

25 

In a preferred embodiment of the present invention, the treatment of cancer is a treatment of 
cancer in the brain. In an even more preferred embodiment, the brain cancer treatment is a 
treatment to a human. The terms "cancer" and "tumor(s) w are used in the description and 
claims in a synonymous manner. 
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The nanoparticles used in the present invention for the cancer treatment are nanoparticles 
which mainly consist of three major components, i. e. the polymeric material which is used 
to form a wall either incorporating the drug or physiologically effective substance(s) or 
containing said substance(s) adsorbed or absorbed thereto, e. g. onto its surface; the 
5 physiologically effective substance or substances contained within or on said nanoparticle; 
and a stabilizer or more than one stabilizer allowing the passage of said nanoparticle across 
the bbb. 

Although there are basically no limitations with respect to any of the above three 
10 components and their combinations, as long as they allow the achievement of the intended 
goal, the present invention comprises as one of the preferred embodiments the use of said 
nanoparticles, wherein said nanoparticles comprise particles of said polymeric material 
having a diameter of below 1,000 nm, preferably of from 1 to 1,000 nm. 

15 In a further preferred embodiment, the invention relates to the use of said nanoparticles, 
wherein said polymeric material the nanoparticles are consisting of is selected from the 
group consisting of polyacrylates, polymethacrylates, poly-cyanoacrylates, polyacrylamides, 
polylactates, polyglycolates, polyanhydrates, polyorthoesters, gelatin, polysaccharides, 
albumin, polystyrenes, polyvinyls, polyacrooein, polyglutaraldehydes and derivatives, 

20 copolymers and mixtures thereof. There is of course no limit with respect to the specific 
material of the nanoparticles, as long as the material used allows or even promotes the 
successful transport to and passage across the bbb of the physiologically effective substanc 
or substances. 

25 In accordance with the present use of the nanoparticles according to the invention, there 
is/are provided within or on said nanoparticles (incorporated, absorbed and/or adsorbed) 
one or more substances which are physiologically effective in the treatment of cancer upon 
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delivery to a mammal. The substances may be a single substance or may be two or even 
more substances which may act on the human body on a separate route or on a combined 
route or even synergistic route. 

5 In a preferred use according to the present invention, said physiologically effective 
substance(s) to be delivered to said mammal comprise(s) one or more chemotherapeutic 
agent(s) for the cancer treatment, particularly for the treatment of cancer in the brain of said 
mammal, more particularly for the treatment of cancer in the human body, i. e. the brain. 
Such delivery of anticancer agents to the human brain was very difficult in the prior art, 
10 what concerns the effective amounts which could be provided to the site of action of the 
chemotherapeutic agent; surprisingly, the use of the present invention provides an effective 
and controllable amount of such substance(s) at the site of their action in an easily 
administrable composition. 

15 In accordance with the present invention, such a use of said nanoparticles is preferred, 
wherein said chemotherapeutic anticancer agent is selected from the group consisting of 
alkylating agents, antimetabolites, natural anticancer products, hormones, metal co- 
ordination complexes and mixtures thereof. There is no restriction concerning the 
administration of substances of one single group or of more than one of the above groups 

20 which, of course, include numerous substances specifically mentioned above. There is only 
the requirement that these substances may be suitably incorporated into or adsorbed onto or 
absorbed by said nanoparticles used in the present invention and do not interfere with each 
other during such a use. 

25 As specific substances for a use in accordance with a preferred embodiment of the 
invention, there may be mentioned the following substances, without restricting the 
inventive use to the substances mentioned below: 
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- nitrogen mustards, e. g. Cyclophosphamide, Trofosfamide, Ifosfamide and 
Chlorambucil; 

- nitroso ureas, e. g. Carmustine (BCNU), Lomustine (CCNU), Semustine (methyl- 
5 CCNU) and Nimustine (ACNU); 

- ethylene imines and methyl-melamines, e. g. Thiotepa; 

- folic acid analogs, e. g. Methotrexate; 

- pyrimidine analogs, e. g. 5-Fluorouracil and Cytarabine; 

- purine analogs, e. g. Mercaptopurine and Azathioprine; 

10 - vinca alkaloids, e. g. Vinblastine, Vincristine and Vindesine; 

- epipodophyllotoxins, e. g. Etoposide and Teniposide; 

- antibiotics, e. g. Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin, Bleomycin 
A2, Mitomycin C and Mitoxantrone; 

- estrogens, e. g. Diethyl stilbestrol; 

15 - gonadotropin-releasing hormon analogs, e. g. Leuprolide, Buserelin and Goserelin; 

- antiestrogens, e. g. Tamoxifen and Aminoglutethimide; 

- androgens, e. g. Testolactone and Drostanolonproprionate; and 

- platinum complexes, e. g. Cisplatin and Carboplatin. 

20 According to the invention, mixtures of the above substances may also be used as long as 
they result into a successful treatment of cancer, particularly of brain cancer, in mammals 
as for example in humans. Particularly preferred in the use of the nanoparticles of the 
piiresent invention are Doxorubicin and/or Mitoxantrone, since the administration of any of 
these substances by using nanoparticles results into a successful anticancer treatment, 

25 particularly a successful treatment of brain tumors in mammals as for example in humans. 
In particular, a passage of the bbb by said substance in a therapeutically effective amount 
was observed, which fact was completely surprising for a skilled person being familiar with 
the prior art problem of providing a therapeutically effective amount of said anticancer 
agents in the brain. 
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A critical component of the nanoparticles used in the present invention is/are the 
stabilizer(s). In a preferred use, only one stabilizer is used whereby a passage of the bbb by 
said nanoparticles loaded with the anticancer drugs can be afforded in a successful way, 
5 and the anticancer drugs in said nanoparticles are directed to the tumor site in the brain in a 
high concentration. This was not yet possible in the prior art approaches. As a result 
thereof, the treatment of brain cancers could be considerably improved, and the success 
rates of the treatment could be increased as well. 

10 The other critical component of the nanoparticles used in the present invention are the 
surfactant materials of the coating which materials are belonging to the same group of 
compounds as the above. The stabilizer may be present in the nanoparticles used in 
accordance with the present invention as a result of the manufacturing steps either in small 
remaining amounts or may form the coating allowing the passage of the effective 

15 substance(s) across the bbb. As an alternative, the separate coating may be provided. As a 
result, the outside wall of the nanoparticles used in the present invention is coated with the 
material allowing the passage of the bbb in a surprising manner. The application of the 
coating or the provision of the stabilizer in such nanoparticles is basically described in the 
above-mentioned International Patent Applications the disclosures of which are 

20 incorporated herein by reference. 

In a preferred embodiment of the present inventive use, the material(s) of the stabilizer/ 
surfactant is/are selected selected from the group consisting of stabilizers/surfactants which 
allow a passage of said nanoparticles including said physiologically effective substance(s) 
25 across the blood brain barrier in said mammal and stabilizers/surfactants which allow a 
release of said physiologically effective substance(s) from said nanoparticles and a passage 
of said substance(s) across the blood brain barrier separate from said nanoparticles. It is 
furthermore preferred that said stabilizer/surfactant comprises a substance selected from the 
group consisting of polysorbates, dextrans, carboxylic acid esters of multifunctional 
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alcohols, polyoxamers, polyoxamines, alkoxylated ethers, alkoxylated esters, alkoxylated 
mono-, di- and triglycerides, alkoxylated phenols and diphenols, substances of the Genapol 
R and Bauki R series, metal salts of carboxylic acids, metal salts of alcohol sulfates, and 
metal salts of sulfosuccinates and mixtures of two or more of said substances. 

5 

Specific examples of said stabilizers and/or surfactants which are used for the coating for 
the nanoparticles are mentioned below, without restricting the invention to the compounds 
or groups of compounds mentioned below. Preferably, said stabilizer/surfactant comprises 
a substance selected from the group consisting of polysorbate 20, polysorbate 40, 

10 polysorbate 60, polysorbate 80, polysorbate 81, polysorbate 85, dextran 12.000, dextran 
70,000, fatty acid esters of glycerol and sorbitol as glycerol monostearate, sorbitan 
monostearate and sorbitan monooleate, polyoxamer 188 (Pluronic R F68), ethoxylated 
ethers, ethoxylated esters, ethoxylated triglycerides, ethoxylated phenols and diphenols, 
metal salts of fatty acids and of fatty alcohol sulfates, more preferably the sodium salts of 

15 fatty acids and of fatty alcohol sulfates, even more preferably sodium stearate and sodium 
lauryl sulfate, and mixtures of two or more of said substances. 

The most preferred stabilizers/surfactant materials are selected from the group consisting of 
polysorbate 80, polysorbate 85, dextran 12,000 or dextran 70,000 and mixtures thereof and 
20 mixtures of said stabilizers with other stabilizers. With the latter compounds, a superior use 
of the nanoparticles in the anticancer treatment can be achieved, particularly in the 
treatment of brain cancers in humans. 

It is an accordance with a further preferred use of the nanoparticles, if said carrier and/or 
25 diluent which is used for the administration of the nanoparticles used in the present 
invention is/are selected from the group consisting of water, physiologically acceptable 
aqueous solutions containing salts and/or buffers and any other solution acceptable for 
administration to a mammal. 
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In accordance with the invention, there are further provided nanoparticles comprising said 
polymeric material, one or more substance(s) physiologically effective in the treatment of 
cancer upon delivery to a m a m mal, one or more stabilizer(s) for said nanoparticles allowing 
targeting of said physiologically effective substance(s) to a specific site within said 
mammalian body and/or a surfactant coating on said nanoparticles, said nanoparticles 
optionally being provided within a physiologically acceptable carrier and/or diluent allowing 
the delivery of said nanoparticles to the target within said mammal after administration, for 
the treatment of cancer in said mammal. 

In another aspect of the invention, there is provided a process for the treatment of cancer, 
particularly of brain cancer, in mammals, said process comprising the step of administering 
to said m a mm a l s nanoparticles made of a polymeric material, said nanoparticles comprising 
said polymeric material, one or more substance(s) physiologically effective in the treatment 
of cancer upon delivery to a mammal, one or more stabilizer(s) for said nanoparticles 
allowing targeting of said physiologically effective substance(s) to a specific site within said 
mammalian body and/or a surfactant coating on said nanoparticles, said nanoparticles 
optionally being provided within a physiologically acceptable carrier and/or diluent allowing 
the delivery of said nanoparticles to the target within said mammal after administration, in 
an amount effective for the treatment of cancer. 

In a preferred process according to the invention, the administration is an i.v. admin- 
istration. It is particularly preferred that the treatment is a treatment of brain cancer, e. g. in 
mammals as for example humans. 

The invention is further exemplified by the subsequent example which, however, should not 
be understood to limit the invention. 
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The anti-tumor effect of doxorubicin preparations was tested in rats with an intracranially 
transplanted glioblastoma 101/8. This tumor is known to have a substantial number of 
receptors to the epidermal growth factor. 

5 The animals were treated with 1.5 mg/kg x 3 of doxorubicin which makes a total course 
dose of 4.5 mg/kg (the total dose for mice is usually 7 to 8 mg/kg). 

The drugs were administered i/v on the day 2 (48 h after implantation of the tumor), day 5 
and day 8 after tumor implantation. 

10 

The experiment was started on 9 to 13 December 1998 and was not yet completed by 20 
May 1999 since some of the animals are still alive. 

Drug preparations were administered as usual in saline or in 1 % Tween R 80 . For the 
15 coating of the nanoparticles loaded with doxorubicin, the suspension was added with 1 % 
Tween R 80 with stirring. The mixture was incubated for 2 h. 

It can be seen from the subsequent tables that in the case that doxorubicin was administered 
("Dox"), the rats died after the times (hours, h) given in column 1 of the upper table. In the 
20 case of the administration of the drug with Tween 80, most of the rats died, too. As in the 
first case, all rats died after administration of Tween 80 coated nanoparticles and 
doxorubicin-Ioaded nanoparticles without coating (columns 3 and 4 of the upper table). 
Only in the case that doxorubicin-Ioaded nanoparticles were coated with Tween 80, 3 of 8 
rats survived. 

25 

This result clearly shows that the surfactant-coated nanoparticles were suitable to promote 
the passage of an effective dose of the anticancer agent doxorubicin across the bbb for a 
successful anticancer treatment. 
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Survival rate (days) of glioblastoma 101/8 bearing rats after i/v 
administration of doxorubicin preparations 
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Claims 

5 1. Use of nanoparticles made of a polymeric material, said nanoparticles comprising said 
polymeric material, one or more substance(s) physiologically effective in the treatment 
of cancer upon delivery to a mammal, one or more stabilizer(s) for said nanoparticles 
allowing targeting of said physiologically effective substance(s) to a specific site within 
said m a mm a li a n body and/or a surfactant coating on said nanoparticles, said 
10 nanoparticles optionally being provided within a physiologically acceptable carrier 
and/or diluent allowing the delivery of said nanoparticles to the target within said 
mammal after administration, for the manufacture of a medicament for the treatment of 
cancer in said mammal. 

15 2. The use according to claim 1 for the treatment of brain cancer in said mammal. 

3. The use according to claim 1 or claim 2, wherein said nanoparticles comprise particles 
of said polymeric material having a diameter of below 1,000 nm, preferably of from 1 
to 1,000 nm. 

20 

4. The use according to any of the claims 1 to 3, wherein said polymeric material is 
selected from the group consisting of polyacrylates, polymethacrylates, poly- 
cyanoacrylates, polyacrylamides, polylactates, polyglycolates, polyanhydrates, 
polyorthoesters, gelatin, polysaccharides, albumin, polystyrenes, polyvinyls, 

25 polyacrooein, polyglutaraldehydes and derivatives, copolymers and mixtures thereof. 

5. The use according to any of the claims 1 to 4, wherein said nanoparticles comprise said 
physiologically effective substance(s) to be delivered to said mammal in the form 
adsorbed, absorbed and/or incorporated thereto. 
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6. The use according to any of the claims 1 to 5, wherein said physiologically effective 
substance(s) to be delivered to said mammal comprise(s) one or more chemotherapeutic 
agent(s) for the cancer treatment, preferably alkylating agents, antimetabolites, natural 
anticancer products, hormones, metal co-ordination complexes and mixtures thereof, 
more preferably nitrogen mustards, nitroso ureas, ethylene imines and methyl- 
melamines, folic acid analogs, pyrimidine analogs, purine analogs, vinca alkaloids, 
epipodophyllotoxins, antibiotics, estrogens, gonadotropin-releasing hormon analogs, 
antiestrogens, androgens, platinum complexes and mixtures thereof, even more 
preferred doxorubicin and/or mitoxantrone. 

7. The use according to any of the claims 1 to 6, wherein the stabilizer and/or surfactant 
coating material is selected from the group consisting of stabilizers/surfactants which 
allow a passage of said nanoparticles including said physiologically effective 
substance(s) across the blood brain barrier in said mammal and stabilizers/surfactants 
which allow a release of said physiologically effective substance(s) from said 
nanoparticles and a passage of said substance(s) across the blood brain barrier separate 
from said nanoparticles, preferably wherein said stabilizer/surfactant comprises a 
substance selected from the group consisting of polysorbates, dextrans, carboxylic acid 
esters of multifunctional alcohols, polyoxamers, polyoxamines, alkoxylated ethers, 
alkoxylated esters, alkoxylated mono-, di- and triglycerides, alkoxylated phenols and 
diphenols, substances of the Genapol R and Bauki R series, metal salts of carboxylic 
acids, metal salts of alcohol sulfates, and metal salts of sulfosuccinates and mixtures of 
two or more of said substances, more preferably wherein said stabilizer/surfactant 
comprises a substance selected from the group consisting of polysorbate 20, polysorbate 
40, polysorbate 60, polysorbate 80, polysorbate 81, polysorbate 85, dextran 12.000, 
dextran 70,000, fatty acid esters of glycerol and sorbitol as glycerol monostearate, 
sorbitan monostearate and sorbitan monooleate, polyoxamer 188 (Pluronic R F68), 
ethoxylated ethers, ethoxylated esters, 'ethoxylated triglycerides, ethoxylated phenols 
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and diphenols, metal salts of fatty acids and of fatty alcohol sulfates, more preferably 
the sodium salts of fatty acids and of fatty alcohol sulfates, even more preferably sodium 
stearate and sodium lauryl sulfate, and mixtures of two or more of said substances, even 
more preferably polysorbate 80, polysorbate 85, dextran 12,000 or dextran 70,000 and 
5 mixtures thereof and mixtures of the stabilizers/surfactants with other stabilizers/surfact- 
ants. 

8. The use according to any of the claims 1 to 7, wherein said carrier and/or diluent is/are 
selected from the group consisting of water, physiologically acceptable aqueous 

10 solutions containing salts and/or buffers and any other solution acceptable for 
administration to a mammal. 

9. The use according to any of the claims 1 to 8, wherein the administration is an i. v. 
administration. 

15 10. The use according to any of the claims 1 to 9, wherein said mammal is a human. 

11. Nanoparticles made of a polymeric material, said nanoparticles comprising said 
polymeric material, one or more substance(s) physiologically effective in the treatment 
of cancer upon delivery to a mammal, one or more stabilizer(s) for said nanoparticles 

20 allowing targeting of said physiologically effective substance(s) to a specific site within 
said mammalian body and/or a surfactant coating on said nanoparticles, said 
nanoparticles optionally being provided within a physiologically acceptable carrier 
and/or diluent allowing the delivery of said nanoparticles to the target within said 
mammal after administration, for the treatment of cancer in said mammal. 

25 

12. A process for the treatment of cancer, particularly of brain cancer, in mammals, said 
process comprising the step of administering to said mammals nanoparticles made of a 
polymeric material, said nanoparticles comprising said polymeric material, one or more 
substance(s) physiologically effective in the treatment of cancer upon delivery to a 
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mammal, one or more stabilizer(s) for said nanoparticles allowing targeting of said 
physiologically effective substance(s) to a specific site within said mammalian body 
and/or a surfactant coating on said nanoparticles, said nanoparticles optionally being 
provided within a physiologically acceptable carrier and/or diluent allowing the delivery 
5 of said nanoparticles to the target within said mammal after administration, in an amount 
effective for the treatment of cancer. 

13. The process of claim 12, wherein the administration is an i.v. or i.p. administration. 

10 14. The process according to claim 12 or claim 13, wherein the treatment is a treatment of 
brain cancer. 
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